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EMENDED DESCRIPTION OF MAZAMASTRONGYLUS PERUVIANUS 
(NEMATODA: TRICHOSTRONGYLIDAE), WITH COMMENTS ON 
THE RELATIONSHIPS OF THE GENERA 
MAZAMASTRONGYLUS AND SPICULOPTERAGIA 
E. P. Hoberg 
United States Department of Agriculture, Agricultural Research Service, Biosystematics and National Parasite Collection Unit, 
BARC East No. 1180, 10300 Baltimore Avenue, Beltsville, Maryland, 20705-2350 
ABSTRACT: Resurrection of Mazamastrongylus as proposed by Jansen (1986) was validated and placement of Mazamastrongylus 
peruvianus in this genus was confirmed, based on characters of the synlophe, copulatory bursa, and spicules. The cervical synlophe 
consists of a strongly tapering pattern and prominent "hood ridges" at the level of the excretory pore; there are 40 ridges at the 
midbody of males. The bursa is of the 2-2-1 type, with rays 2 and 3 parallel and rays 4 and 5 of near equal length and only 
slightly divergent at the tips. The spoon-shaped dorsal process of the spicules, typical of M. peruvianus and other species of 
Mazamastrongylus is postulated as a synapomorphy for the genus. The genera Mazamastrongylus, Spiculopteragia, and Sarwaria 
are considered to be independent based on characters of the synlophe, spicules, and copulatory bursa. Host and geographic 
distributions for species of Mazamastrongylus appear to be consistent with a history of coevolution and colonization and 
relationships for M. peruvianus may parallel the pattern postulated for species of Nematodirus in cervids and camelids in the 
Neotropics. 
Specimens of the ostertagiine nematode Mazamastrongylus 
peruvianus (Guerrero and Chavez, 1967) were originally de- 
scribed as Spiculopteragia (Dorsagia) peruvianus Guerrero and 
Chavez, 1967 from alpaca (Lama pacos (L.)), vicugna (Vicugna 
vicugna (Molina)), and guanaco (Lama guanicoe (Muller)) in 
Peru (Guerrero and Chavez, 1967). Records of this parasite 
appear to be limited to the original description. 
The generic-level allocation for S. peruvianus has been prob- 
lematic. Jansen (1981) and Hinaidy and Prosl (1981) referred 
S. peruvianus to the genus Spiculopteroides Jansen, 1958. Later, 
morphological similarities between specimens of this species 
and those of Mazamastrongylus trinitatis Cameron, 1935 were 
recognized by Jansen (1986), although detailed comparisons had 
not been presented in the original description (Guerrero and 
Chavez, 1967). Thus, when Jansen (1986) resurrected Maza- 
mastrongylus Cameron, 1935, the genera Spiculopteroides, Sar- 
waria Dr62id, 1965, and the subgenus Dorsagia Guerrero and 
Chavez, 1967 were synonomized; 8 species of ostertagiines in- 
cluding S. peruvianus were referred to Mazamastrongylus. The 
genus was defined by the configuration of the ventral and lateral 
rays of the copulatory bursa and the structure of the accessory 
bursal membrane (see Jansen, 1986; Dr62id, 1995). 
In contrast, Durette-Desset (1982, 1983, 1989) had consid- 
ered Mazamastrongylus to be a synonym of Spiculopteragia 
Orloff, 1933. However, she referred S. peruvianus to Telador- 
sagia Andreeva and Satubaldin, 1954, based on the synonymy 
of the subgenus Spiculopteragia (Dorsagia) Guerrero and Chai- 
vez, 1967 with the former genus (Durette-Desset, 1989). 
Consequently, the species originally designated as S. peruvi- 
anus has been referred to 4 genera including Spiculopteragia, 
Mazamastrongylus (=Spiculopteroides), and Teladorsagia. This 
situation further highlights the continuing confusion over ge- 
neric-level taxonomy and systematics for the Ostertagiinae Lo- 
pez-Neyra, 1947 (see Durette-Desset, 1982, 1983, 1989; Gib- 
bons and Khalil, 1982; Jansen, 1989; Lichtenfels and Hoberg, 
1993; Hoberg and Lichtenfels, 1994; Dr6idi, 1995). 
Placement of S. peruvianus in Mazamastrongylus and vali- 
dation of the genus as advocated by Jansen (1986) and Dr6zdi 
(1995) are evaluated in the present study. An emended descrip- 
tion of the species includes attributes of the bursal rays, genital 
cone, spicules, esophagus, ovejectors, and female tail, among 
characters not considered in detail in the original description 
(see Guerrero and Chavez, 1967). The synlophe is compared 
among those species, Mazamastrongylus pursglovei (Davidson 
and Prestwood, 1979), Mazamastrongylus odocoilei (Dikmans, 
1931) and M. trinitatis, where the pattern of longitudinal cutic- 
ular ridges has been assessed (Lichtenfels et al., 1993). Aspects 
of host distribution and geographic range for species of Maza- 
mastrongylus and Spiculopteragia are also considered. 
MATERIALS AND METHODS 
Specimens were studied as temporary wholemounts cleared in phe- 
nol-alcohol (80 parts melted phenol crystals and 20 parts absolute eth- 
anol) or in glycerine and examined with differential interference contrast 
light microscopy. Transverse sections of a male specimen were prepared 
free-hand with a cataract knife and embedded in glycerine jelly; sections 
of females were not prepared as an insufficient number of specimens 
was available. Sections were used to study the structure of the synlophe 
in the cervical zone (including the region of the esophageal-intestinal 
junction), anterior quarter, midbody, and posterior region. Figures of 
sections were oriented with dorsal surface toward the top of the plate 
and shown as if viewed from the anterior. Throughout the manuscript, 
measurements are presented in micrometers unless specified otherwise 
and presented as a range with mean ? 1 SD in parentheses. 
The current study focused on the configuration of the synlophe, esoph- 
ageal valve and genital cone (following Lichtenfels and Pilitt, 1991; 
Hoberg et al., 1993a). Other meristic and structural characters are in- 
cluded in the emended description (measurements of the ovejectors 
follow Lichtenfels and Pilitt, 1991). Genital papillae and bursal rays are 
numbered according to the methodology developed by Chabaud et al. 
(1970), and the orientation of the synlophe follows concepts presented 
by Durette-Desset (1983, 1985). 
Specimens were obtained from the US National Parasite Collection 
(USNPC) maintained at the Biosystematics and National Parasite Col- 
lection Unit, United States Department of Agriculture, Beltsville, Mary- 
land. Material included 13 males (4 permanently mounted; 9 unmount- 
ed, preserved in ethanol) and 2 females (unmounted, preserved in eth- 
anol), of S. peruvianus Guerrero and Chavez, 1967 from an alpaca 
(Llama alpaca) collected at Puno, Peru, and deposited as USNPC no. 
59236. These specimens evidently represent part of the type series of 
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FIGURE 1. Synlophe in the cervical region of Mazamastrongylus 
peruvianus (Guerrero and Chavez, 1967) anterior to the esophageal- 
intestinal junction (ei) in a male specimen. Scale bar in micrometers. 
la. Ventral synlophe showing tapering pattern with ridges extending 
across to the lateral fields, typical hood ridges, and broad liplike excre- 
tory pore (exp) and position of the subventral gland orifices (svgo). lb. 
Lateral synlophe showing strongly tapering pattern extending posterior 
from cervical papillae (cp). 
20 males and 10 females on which the original description was based. 
In the original paper, a holotype and allotype were not apparently des- 
ignated, nor was it specified where the remaining type specimens were 
deposited (Guerrero and Cha'vez, 1967). 
Additional specimens for comparative purposes included: (1) USNPC 
no. 70318, M. pursglovei (Davidson and Prestwood, 1979) in Odocoileus 
virginianus (Zimmermann) from Louisiana; (2) USNPC no. 70309, M. 
odocoilei (Dikmans, 1931); in 0. virginianus from Georgia; and (3) 
Institute of Parasitology, McGill University, Ste-Anne-de-Bellevue, 
Quebec, Canada, no. V00075 1, M. trinitatis Cameron, 1935 in Mazama 
americana (Erxleben) (originally listed as Mazama simplicicornis by 
Cameron (1935, 1936)) from Trinidad; specimens designated as para- 
lectotypes by Jansen (1986). 
RESULTS 
Characters 
An emended description of M. peruvianus included characters 
not considered in detail in the original description. Among these 
are attributes of the synlophe, esophagus, genital cone, spicules, 
and vulval region (Figs. 1-14). Meristic data are presented in 
Table I. 
Synlophe 
The synlophe of M. peruvianus is composed of a largely sym- 
metrical system of discontinuous tapering cuticular ridges that 
extends from the base of the cephalic expansion (Fig. 1) to near 
the prebursal papillae in males and posterior to the vulva in 
females. Ridges are perpendicular to the body wall and lack a 
well defined gradient (Figs. 2, 3). In the cervical zone (anterior 
to the base of the esophagus), 16 ridges attain the base of the 
cephalic expansion. Overall, the synlophe is defined by a ta- 
pering pattern in both the ventrodorsal and lateral fields. Ven- 
trally the ridges form a hood adjacent to the protruding and 
prominent excretory pore (Fig. la). Pairs of ridges extend pos- 
teriad across the ventral and dorsal fields to terminate on the 
lateralmost ridges; continuous subventral and subdorsal ridges 
are lacking. Laterally, a strongly tapering pattern is evident with 
variable pairs of ridges terminating adjacent to the lateralmost 
ridge in the cervical zone (Fig. ib). The synlophe is of even 
height and the interval between ridges is less laterally than in 
either the dorsal or ventral fields. 
Posterior to the cervical zone, the tapering pattern continues 
for approximately 33-47% of the body from the anterior, be- 
coming entirely parallel posteriad, with 5-8 closely spaced ridges 
in each lateral field; in the subventral and subdorsal fields ir- 
regular termination and origin of ridges occurs in the posterior 
half of the body. There is a poorly defined gradient in size, with 
ridges in the lateral fields being slightly smaller than those dis- 
posed ventrally and dorsally; the interval between ridges is also 
greater in the ventral and dorsal fields. 
The numbers of ridges increase posteriad in males and fe- 
males. Accurate counts for ridges in females could not be de- 
termined; approximately 37-40 are present in the region of the 
midbody. In males, there are 28-31 ridges at the level of the 
minuscule thornlike cervical papillae. Variation in numbers is 
attributable to differences in the levels of origin and termination 
for individual ridges in the cervical zone. At the limit of the 
esophageal-intestinal (EI) junction, there are 34-35 ridges. Pos- 
terior to the cervical zone, there are 37-38 ridges at the end of 
the first quarter, increasing to a maximum of 40 at the midbody 
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FIGURES 2-6. Mazamastrongylus peruvianus (Guerrero and Chavez, 1967). Scale bars in micrometers. 2. Transverse section of male specimen 
near midbody (dorsal to top) showing perpendicular orientation of the synlophe. Note small lateralmost ridges and relatively close spacing of 
ridges in lateral fields compared to dorsal and ventral fields. 3. Transverse section of male in posterior fourth of body, adjacent to spicules, showing 
absence of ridges in the dorsal and ventral fields. 4. Region of genital cone in ventral view showing prominent, paired "0" papillae, oval accessory 
bursal membrane (ABM) with paired "j"-shaped "7" papillae, lateral protuberances at level of ABM, and rounded dorsal lobe situated ventrally 
to externodorsal rays. 5. Spicules in ventral view showing trifurcate tips with barb and diffuse triangular foot and membrane on main shaft, 
ventral process with cuticularized joint and angular tip, and prominent, spoon-shaped dorsal process (based on spicules in situ and dissected). 6. 
Right spicule in lateral view showing spoon-shaped dorsal process, main shaft with barb and membrane, and ventral process with characteristic 
joint. 
(Fig. 2). Ridges terminate first ventrally up to 78% of body length 
and then dorsally at 90% of body length from the anterior, 
forming an arcuate gap; by the third quarter, there are 34 ridges 
in the lateral fields and the synlophe is lacking dorsally and 
ventrally. Anterior to the spicules, ridges decrease to 32 in the 
lateral fields (Fig. 3), with these extending to near the level of 
the prebursal papillae. 
Esophagus 
The esophagus is claviform, with the widest region being near 
the level of the esophageal-intestinal (EI) valve. The orifices of 
the subventral esophageal glands are usually substantially an- 
terior to both the cervical papillae and the excretory pore (Table 
I; Fig. 7). The El valve is relatively long in males and females 
(81-105 Lm) (Table 1; Fig. 8). A minuscule, triangular, dorsal 
esophageal tooth is present. 
Bursal pattern and genital cone 
The bursal ray formula is 2-2-1 (see Durette-Desset, 1983) 
with rays 2 and 3 (ventral rays) parallel, with slightly divergent 
tips, and rays 4 and 5 (antero- and mediolateral) of near equal 
length with slightly divergent tips (see Guerrero and Chaivez, 
1967). The genital cone is bluntly rounded with lateral processes 
occurring at the level of the cloaca (Fig. 4). The ventral or "0" 
papillae are paired, pointed, and weakly pyriform in shape, 
contained in a membrane, and located on the ventral aspect of 
the genital cone. A transversely elongate membrane extends 
ventrally across the "0" papillae and cloaca. The accessory bur- 
sal membrane is ovoid, defined by a cuticularized border and 
positioned transversely on the dorsal aspect of the genital cone, 
dorsal to the cloaca (Fig. 4). The "7" papillae are narrow and 
parallel proximally, with tips that diverge along the distal margin 
of the accessory bursal membrane (Fig. 4). Rays 9/10 (dorsal 
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FIGURES 7-14. Mazamastrongylus peruvianus (Guerrero and Chaivez, 1967) as observed with interference contrast microscopy. Scales = 50 
Am for Figures 7, 8, and 10-14; for Figure 9, scale = 30 Am. 7. Cephalic and cervical region showing capsule, position of the subventral gland 
orifices (svgo), and liplike excretory pore (exp). 8. Esophageal valve (between arrows). 9. Spicule tips in ventral view showing main shaft with 
barb (b) and triangular foot (f), poorly cuticularized ventral process (v), and spoon-shaped dorsal process (d). 10. Spicules, dorsal view, showing 
processes and foot (f). 11. Vulval region in female, lateral view showing flap (f), vulva (v), and muscular bulbs of the sphincters (s), excluding the 
anterior and posterior infundibula. 12. Vulval flap (f) in ventral view. 13. Vulval region and ovejectors, excluding the infundibula, in a specimen 
lacking a vulval flap, showing position of vulva (v) and muscular bulbs of sphincters (s). 14. Caudal region of female in lateral view, showing 
relative position of anus (a) and cuticular annulations near tail tip (an). 
ray) are contained in a small lobe and positioned ventrally to 
ray 8 (externodorsal rays), with a bifurcation near 67-72% of 
the ray length from the anterior; distally there are three paired 
lateral processes. 
Spicules 
The spicules are relatively complex. Single dorsal and ventral 
processes of unequal length originate from the respective ala at 
60-67% of the spicule length from the anterior. The dorsal pro- 
cess is relatively long, slender, and spoon-shaped, extending 
greater than half the length of the main shaft from the trifur- 
cation (Figs. 5, 6, 9, 10); the obscure ventral process is sinuous 
and weakly cuticularized, with a joint near midlength and an 
angular cuticularized tip (Figs. 5, 6, 9). The primary shaft of 
each spicule has a prominent barb directed laterally and slightly 
dorsally to an obscure triangular foot; the entire tip of the main 
shaft is encapsulated in a striated membrane (Figs. 5, 6, 9). A 
gubernaculum is absent. 
Females 
Specimens with a synlophe and esophageal structures iden- 
tical to those found in males were considered to represent M. 
peruvianus. The vulva was located at 81-82% of body length 
from the anterior. Modification of the cuticle at the level of the 
vulva such as inflations were not observed. A flaplike structure 
at the vulva was well developed in one specimen but absent in 
the second specimen (Figs. 11-13). The lengths of the infun- 
dibula and sphincters did not differ substantially in the anterior 
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TABLE I. Meristic and morphological data for males and females of Mazamastrongylus peruvianus (Guerrero and Chavez, 1967); measurements 
in micrometers with range and mean ? 1 SD in parentheses. 
Characters Males (n = 13) Females (n = 2) 
Body length (12)* 6,402-8,162 (7,249 ? 429.40) 7,066-8,785 
Cephalic vesicle length (8) 83-96 (91 ? 4.83) - 
Esophagus length (12) 594-726 (676 + 41.13) 653-711 
Esophagus as % of body length (12) 8.9-10 (9.4 ? 0.43) 8.1-9.2 
Esophageal-intestinal valve 
Length (12) 81-105 (91 ? 6.89) 90-99 
Width (12) 40-78 (60 ? 12.20) 53-59 
Subventral esophageal 
Gland orificest (12) 239-273 (259 ? 13.83) 239-257 
Excretory poret (11) 315-352 (331 ? 14.00) 322-350 
Cervical papillaet (11) 326-406 (372 ? 26.23) 344-394 
Spicules length (26) 195-252 (238 ? 14.45) - 
% Spicule anterior of trifurcation (26) 60-67 (64 ? 2.0) 
Bursa formula 2-2-1 
Dorsal ray length (7) 73-99 (84 ? 8.61) 
Vulva positiont (2) 5,790-7,135 
% Body length to vulva (2) 81-82 
Anterior infundibulum length (2) 180-192 
Anterior sphincter 
and vestibule length (2) 105-124 
Posterior infundibulum length (2) 192-195 
Posterior sphincter 
and vestibule length (2) 101-102 
Ovejector length (2) 594-597 
Tail length (2) 155-229 
* Number of specimens or measurements. 
t Measured or determined from the anterior. 
and posterior (Fig. 11, 13; Table I). Although based on a limited 
sample, the tail varied considerably in length (Table I) and 
usually several prominent annulations were present (Fig. 14). 
DISCUSSION 
Morphological and meristic characters of specimens of M. 
peruvianus as observed in the present study were generally con- 
sistent with the original description (Table I; Guerrero and Chai- 
vez, 1967). However details of the synlophe, esophageal valve, 
genital cone, and spicules had not been defined. Additionally, 
in the original description, when placed in Spiculopteragia the 
differential diagnosis did not consider those species then referred 
or later transferred to Mazamastrongylus (see Guerrero and 
Chaivez, 1967; Jansen, 1986). 
The synlophe in males and females was found to be largely 
identical, consisting of 34-35 continuous ridges at the level of 
the El junction. The numbers of ridges were found to increase 
posteriad and usually attained a maximum of 40 near the mid- 
body. In the posterior of males arcuate gaps are present in the 
synlophe in the ventral and dorsal fields adjacent to the prebursal 
papillae. 
The pattern of cuticular ridges in the cervical region is similar 
to that described for other species of Mazamastrongylus. Char- 
acters of the surface cuticle shared with M. pursglovei, M. odo- 
coilei, and M. trinitatis include the ventral complex of hood 
ridges surrounding the prominent, liplike excretory pore, strong- 
ly tapering systems both laterally and dorsally, and absence of 
definable subdorsal and subventral ridges (Fig. 1) (see Lichten- 
fels et al., 1993). Ridges extend from the ventral and dorsal 
fields to terminate near the lateralmost ridges. However, spec- 
imens of M. peruvianus (Fig. 2) have a greater number of ridges 
in the midbody region (40) as compared to M. pursglovei (27- 
30), M. odocoilei (30-32), and M. trinitatis (about 30) (Jansen, 
1986; Lichtenfels et al., 1993). 
The claviform esophagus observed in M. peruvianus (Fig. 8) 
appears typical of those species examined by Lichtenfels et al. 
(1993). Although the length of the valve overlaps, it appears 
relatively longer in M. peruvianus (x = 91 Am) compared to M. 
pursglovei (x = 81 Eim), M. odocoilei (x = 76 tim), and M. 
trinitatis (x = 77 jim; n = 6). Although Cameron (1935) had 
considered the structure of the esophagus to be unique at the 
generic level, it does not appear to differ substantially from that 
among other ostertagiine nematodes (Jansen, 1986). 
In females, ornamentation at the level of the vulva was not 
consistently present in M. peruvianus. Although a prominent 
vulval flap was shown in the original description (Guerrero and 
Chavez, 1967), a specimen examined in the current study had 
an unmodified vulva (Figs. 11-13). Among other species of 
Mazamastrongylus, vulval flaps may be present or absent, typ- 
ical of variation in this character among ostertagiines (Lancaster 
and Hong, 1990). Cuticular crests and irregular inflations at the 
level of the vulva (see Hoberg et al., 1993b), although present 
in M. trinitatis (E. P. Hoberg, unpubl. obs.; 4 of 5 females 
examined), M. odocoilei, and M. pursglovei, were not observed 
in the limited sample of M. peruvianus. 
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The structure of the bursa was consistent with the original 
description and is typical of the 2-2-1 type (Guerrero and Chai- 
vez, 1967). The genital cone and particularly the structure of 
the accessory bursal membrane and "7" papillae (Fig. 4) is 
consistent with those described for M. trinitatis and other species 
of the genus (Jansen, 1986; Lichtenfels et al., 1993). The ovoid 
accessory bursal membrane is only slightly cuticularized and is 
supported by slender and divergent "7" papillae; lateral pro- 
cesses were present at the margin of the cloaca. 
The original description of M. peruvianus recognized the tri- 
angular termination of the main shaft of the spicule tips (Guer- 
rero and Chaivez, 1967). However, the adjacent distal structures, 
particularly the striated membrane and tips of the dorsal and 
sinuous ventral processes were inadequately described (Figs. 5, 
6, 9, 10). The spoon-shaped cuticularized dorsal process and a 
weakly cuticularized ventral process with a characteristic joint 
appear typical of the genus (see discussion below). 
In agreement with Jansen (1986, 1989), characters of the bur- 
sa, genital cone, and spicules are consistent with placement of 
M. peruvianus in Mazamastrongylus. Additionally, the unique 
tapering pattern and hood ridges appear typical for species of 
Mazamastrongylus and are highly distinct when compared to 
cervical synlophes characteristic of Ostertagia and Teladorsagia 
(Lichtenfels and Pilitt, 1991; Lichtenfels et al., 1993). This re- 
futes placement of M. peruvianus in Teladorsagia as advocated 
by Durette-Desset (1989). The cervical synlophe of Mazamas- 
trongylus is most similar to that among species of Spiculopter- 
agia (E. P. Hoberg, unpubl. obs.). However, Mazamastrongylus 
is distinct from the latter based on major characters of the bursa 
and spicules (Jansen, 1986; Dr6idi, 1995). 
In Mazamastrongylus, the bursa has parallel and slightly di- 
vergent ventral rays (rays 2 and 3) and the antero- and me- 
diolateral rays (4 and 5) are of near equal length with slightly 
divergent tips (Jansen, 1986). These characters confirm the syn- 
onymy of Mazamastrongylus and Spiculopteroides as previously 
established (see Jansen, 1986; contrary to Gibbons and Khalil, 
1982). In contrast, Spiculopteragia is characterized by ventral 
rays that are not parallel, but converge distally, and a ray 4 that 
is substantially shorter than ray 5 (Hinaidy and Prosl, 1981; 
Durette-Desset, 1983; Jansen, 1986). Thus, in agreement with 
Jansen (1986, 1989), Mazamastrongylus cannot be reduced as 
a synonym of Spiculopteragia as advocated by Travassos (1937) 
and Durette-Desset (1982, 1983, 1989), but a close relationship 
for these genera is evident (Sarwar, 1957; Dr6idi, 1965, 1967, 
1995). Additionally, the structure of the spoon-shaped dorsal 
process of the spicule may be considered a putative synapo- 
morphy for Mazamastrongylus. Apparently Jansen (1986) did 
not consider that this character in M. trinitatis was other than 
a species-level attribute. However, among those species trans- 
ferred first to Spiculopteroides by Hinaidy and Prosl (1981) and 
later to Mazamastrongylus by Jansen (1986), a characteristic, 
highly cuticularized and spoon-shaped dorsal process is present. 
These species include M. trinitatis (type for genus), Mazamas- 
trongylus dagestanica (Altaev, 1953) (according to Dr6rdi [1965] 
and Jansen [1986] =S. alcis (Shul'ts, Kadenatsii, Evranova, and 
Schaldibin, 1952) and S. popovi Ervanova, 1954), M. peruvi- 
anus, M. pursglovei, and M. odocoilei. This attribute is evident, 
but to a lesser degree, in Mazamastrongylus vietnamica (Dr6di,, 
1965) and Mazamastrongylusjanseni (Dr6bidi, 1965) (see char- 
acters in Dr6zdi, 1965; Jansen, 1986). Distally, the spicules of 
species referred to Mazamastrongylus by Jansen (1986) all lack 
the trabeculate, balloon, or fanlike membranes considered typ- 
ical of Spiculopteragia (in part see Travassos, 1937; Skrjabin et 
al., 1954; Drridi, 1965; Hinaidy and Prosl, 1981). In accor- 
dance with Jansen (1986) these 7 species, pending further study, 
should constitute the genus Mazamastrongylus. 
Indeed, this general concept for Mazamastrongylus largely 
parallels that developed for Skrjabinagia Kasimov, 1942 by 
Altaev (1953) who included M. dagestanica, Mazamastrongylus 
popovi, M. odocoilei, and others in this genus based on a clear 
distinction from Spiculopteragia. Although this concept for 
Skrjabinagia was shown to be artificial (Andreeva, 1956), spe- 
cies grouped on the basis of bursal morphology and spicule 
structure were later referred to Mazamastrongylus (see Jansen, 
1986). 
Absence of a spoon-shaped dorsal process in the spicules and 
differences in the synlophe in specimens of Sarwaria bubalis 
(Sarwar, 1956), indicate that the genus Sarwaria is distinct from 
Mazamastrongylus (see Gibbons and Khalil, 1982; Jansen, 1986, 
1989; Drizdi, 1995; Lichtenfels et al., 1996). Further, definable 
differences in the synlophe, bursa, and accessory bursal mem- 
brane (see Drbidi, 1995; Lichtenfels et al., 1996) refute the 
synonymy of Sawaria with Spiculopteragia s presented by Dur- 
ette-Desset (1982, 1983, 1989). 
In contrast to Jansen (1986), the species composition for Ma- 
zamastrongylus advocated by Dr6odi (1995) would exclude M. 
vietnamica and M. janseni and refer them to the genus Spicu- 
lopteragia as major and minor morphotypes constituting a single 
polymorphic species; 5 species would be retained in Maza- 
mastrongylus. Although this decision requires confirmation, it 
is apparent that generally polymorphism in males is not ob- 
served among species in the genus Mazamastrongylus (see 
Dr6?di, 1995). Further analysis will be required to determine 
if the structure of the dorsal process in conjunction with bursal 
attributes may serve as phylogenetic characters useful in rec- 
ognizing Mazamastrongylus and Spiculopteragia. 
Mazamastrongylus peruvianus and M. trinitatis are the only 
members of the genus endemic to the Neotropics (Cameron 
1935, 1936; Guerrero and Chaivez, 1967; Jansen, 1986). Overall, 
species appear to be limited to cervid hosts in the Nearctic (M. 
odocoilei and M. pursglovei in 0. virginianus), the Palearctic (M. 
dagestanica in Alces alces (Linnaeus) and Capreolus capreolus 
(Linnaeus)) and southeast Asia (M. vietnamica and M. janseni 
in Muntiacus muntjak (Zimmermann)). Records of M. dages- 
tanica and 1 of its synonyms, Skrjabinagia popovi, from Ovis 
aries Linnaeus are unlikely to reflect the true host range in 
cervids (Dr6idi, 1965, 1967). 
The distribution of M. peruvianus in South American ca- 
melids and M. trinitatis in Mazama americana may parallel the 
situation for Nematodirus lamae Becklund, 1963 and Nema- 
todirus urichi Cameron, 1935 where colonization and subse- 
quent speciation appear to have determined contemporary host- 
parasite relationships (see Hoberg et al., 1989; Rickard and 
Hoberg, 1990). The apparent morphological distinctiveness of 
species of Nematodirus Ransom, 1907 from cervids in the West- 
ern Hemisphere, suggests that camelids were colonized from a 
cervid source (see Hoberg at al. 1989; Rickard and Hoberg, 
1990). The distribution of M. trinitatis in M. americana, M. 
pursglovei and M. odocoilei in O. virginianus, and M. peruvianus 
in camelids suggests derivation of the latter species via colo- 
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nization. This is further supported by the absence of species of 
Mazamastrongylus in either Camelus bactrianus Linnaeus or 
Camelus dromedarius Linnaeus in Eurasia (Jansen, 1986). 
These observations in part provide corroboration for the hy- 
pothesis for relationship of Mazamastrongylus and Spiculop- 
teragia in Cervidae (Dr6idi, 1965, 1967, 1995). Recent studies 
of species of Spiculopteragia indicate that the historical distri- 
bution of this genus was limited to the Palearctic and only 
recently has it become widespread via faunal introductions 
(summarized in Rickard et al., 1993). In contrast, if the current 
species composition of Mazamastrongylus remains stable, this 
would indicate a broad distribution in the Holarctic, extending 
into the Neotropics (Jansen, 1986). This would be consistent 
with the divergence of Spiculopteragia and Mazamastrongylus 
coinciding with the diversification of cervids in Eurasia in the 
late Tertiary, followed by dispersal initially into the Nearctic 
and secondarily to the Neotropics as advocated by Drozcd (1967, 
1995). The putative coevolutionary history for these genera and 
other ostertagiines must be assessed within a phylogenetic con- 
text for hosts and parasites (Dr6diz, 1967; Hoberg and Lich- 
tenfels, 1994) as a component of studies currently in progress. 
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